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‘J’bc radiation effects and testing programs in place at the Jet l’mpulsion 1,aborafory
support the inscrlion  of traditional, advanced and emerging microelectronic and photonic
tcchno]ogics  in NASA systems through research and testing that cnhanccs  the radiation hardness
assurmcc (R] IA) of these technologies. With the dcc~casing  availability of radiatioIl  hardened
clcctrcmics and the ncw NASA paracligm  of faster, more aggressive and less cxpmsivc  space
missions, there has been an increasing emphasis on using high pcrform{incc  commercial
microelectronic parts and circuits in NASA spacecraft.

‘1’hc LISC of commercial parts an(i circuits (often rcfe.rrcd to as commercial off-the-shc]f
(COrl”S))  in space systems poses many potential pmblcms, especially with regard to R}lA.  ‘1’hc
rapicl evolution of traditional types of circuits, such as microprocessors ancl )ncmorics,  is driven
by intense competition in the private sector, ancl these advances, primarily clue to scaling effects,
often  result in incrcascd vulnerability to radiation. in adclition, radiation testing which reveals
that a particular gcncratic)n  of parts is appropriate. for cc.rtain  close ranscs  may bc rcndcrccl
irrelevant by the introduction of next-generation versions and t}]c disappearance of the radiation
tolc.rant parts from the market place. ‘1’hc introduction of ncw and emerging techno]ogics that
pmmisc  greater performance without incrcasccl power, weight or volume may have completely
unknown radiation effects behavior that must bc cstab]ishccl  tl]rough testing. ‘1’hcse issues and
othmx will be addrcssccl  and discussed wi[hin the context of rcccnt radiation effects research and
testing activities at J]’]. that inc]udc the following:,:

1. Within  the last fcw years it has bccomc  apparent that certain linear bipolal  integrated
circuits, such as q-amps, comparators and voltage rc.fc.rcnccs, arc. more sensitive to total
ioni7,ing close (’1’11)) at the low dose rate.s charactc.ristic  of the sp~icc  cnvironlncnt  than they arc at
moderate to high dose rates traditionally employed for total dose RIIA tc.sting. ‘1’his R1l A
problem is cxaccrbatcd  by the difficulties associated with doing realistic testing at low dose rates
for fast, aggressive space projects. IIata dcmonstrat  inp, the cnhanccd  low dose rate (Ii] J )1<) effect
will bc prcscntecl  along, with rcsu]ts of cffmls  to develop a satisfactory RIIA test based  on
mocicralc to high dose rate exposure at clcvatcd  tcmpcraturcs.

2. Recent failures of optocouplcrs  on the ‘1’opcx  Spacecraft have highlighted the
importance of addressing J<IIA issues for I]ol]-tr:i(litioll:ll  electronics SUCII as optoelectronic
dcviccs.  l,lil)s, photo{lctectors  and optocouplers can vary wirlc.ly  in their response to radiation.



]:urdmmme,  disp]accmcnt damage  effects due to protons can be imporlant, as dcmonstratect  by
Topcx, e v e n  thoLlgh  pIOtOn  flLlfmccs  arc IIOt p:irticu]ar]y  h i g h  fC)r ].];~ and ~;~]~  SpaCCCraf[,
rC]O(iVC  to the magnituc]c  L]sually  rCqLljrCC]  to callsc prob]cms in Ill-V c]cviccs. ‘1’hcsc problems
arc even more severe in optocoup]crs that employ phototransistms  bccausc of their potential
sensitivity tc) both ioniz,ins  radiation and displacement clamagc. Rcccnt  results of proton damage
stuclics  of these devices, inc]uding  comparisons with “J’opcx data, will be prescntcc].

3. }li~h performance scientific instruments aboarc] spacecraft often rcc]uirc  the LISC of high
resolution, high spcec] ana]og  to djgital  convcrtc.rs (AI.XS). Unfortunalc]y,  because there arc
essentially no radiation tolerant dcvicc.s  of this type available, instrument and spacecraft
designers often have to select dcviccs  that will not tolerate the anticipated cnvironlncnt. R1lA
testing of these devices is difficu]t  for both “]’]]> ancl sirlg]e event effects (S];1{),  especially  when
they arc lJiCWlOS.  BccaL]sc of the I;I.IIR  effect a lliC~MOS  AI>C;  can fail by c]iffcrcnt
nmchanisms clcpcnding  on the conditions of radiation exposure. Results clcmonstrating  these
cffccls will be discussed in our presentation.

4. };icld  programmable gate arrays arc particular] y attractive for spacecraft usc for several
rcascms. ‘]’hcy often allow a significant rcc{llction in the number of par[s Llscci on a boarcl,  ancl
they can be inclividua]]y  pcrsonali~,ed  so that a large common bL]y of parts with cstab]ishe.d
reliability and RIIA can bc Llscd fc)r several different applications. IIowcvcr,  these devices
exhibit a variety of radiation effects inducting cncrgctic ion-i nclucccl  linking of anti-fuse links.
Recent S1 i] i ancl 2’1 I I results will be prcscntccl for Actcl J;J’GAs.

5. 1 Ii@ly autonomous, hcavil  y instrumented spacccraf[ require large amoun[s  of mass
memory to support cm-board data processing and storage. Rcccnt]y,  on the Gssini spacecraft for
example, this recluircmcnt has manifcstcc] itself in the usc of large numbers of I)RAMs for mu]ti-
g,igabit mass storage as a replacement for tape rccorclcrs. ‘1”11> and S}0; stuclics  of lJRAMs have
rcvcalccl interesting effCCts  inc]uding  the LISC of retention time as a bigh]y sensitive measure of
“J’ll J response and the observation of what appear to be twc) type.s of harcl  errors induccc]  by
cncrgctic  ions. “1’hcse  results will be discusscc]  in our prcsmtation.

6. An exciting new class of clcviccs arc llliclc)clcctrc)l~)cc}  lal~ic:ll systems (M}; MS) in
which microelectronics arc combinccl  with nliniaturiz,ccl mechanical devices on a single chip.
‘1’hcsc dcviccs  allow rccluctic)ns  in size of a wiclc  variety of functional elc.mcnts that arc USCC1 on
spacecraft. MfiMS clcvjccs can be sensitive tc) r:idiation  for two reasons: 1 ) the clcctronicx  on the
chip can exhibit radiiition responses, and 2) certain types of mechanical clc.vices, such as
cantilevers that depend on capacitive charge for spatial displacement, can also conceivably bc
scnsjtive  to radiation. We will present recent results of total C1OSC. stuclics  of lllicrc)~iccclcroIl~ctcrs
that sl]ggcst that both types of radiation sensitivities arc cxhihitecl by these clcviccs.

*Work clcscrjbcd herein was performed at the Jet ProJmlsion 1.aboratory opcra(ecl  by the
~a]ifornia ]nstitutc of Technology unclcr contract to the l]nticc] States National AcronaLltics and
Space Acll~lil~istr[itioll.  ‘l’his work partially funclccl  by NASA COCIC Q }<’1’01’ funds.
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